Results from measurements of the direct and converse magnetoelectric effect on a three-layer, epoxy-bonded, laminate composite are presented. The laminae are a single transversely-polarised piezoelectric elements (PZ29) sandwiched between two longitudinal-magnetically polarised magnetostrictive TD elements (Terfenol-D -TX GMM). The direct ME effect was determined by measuring laminate output with a Helmholtz-generated AC field (of up to 7Oe) in the range 50 Hz -100 kHz biased by a DC field (0 -1000Oe). Peak voltage output occurred at the sample's mechanical resonant frequency, its value otherwise depending on the strength and direction of the applied magnetic field. The peak output is 3061mV at 3 Oe AC field and 1000 Oe bias, equivalent to 74.4 V/cm Oe was achieved. The peak output coefficient, however was 93.6V/cm Oe at 0.1Oe AC field and 1000Oe DC bias. The reduction at higher drive amplitudes was attributed an increased Young's modulus of TD phase.
Introduction:
The Magnetoelectric effect represents the coupling between an applied magnetic field and a change in electric polarization in a solid. While the effect can occur in single phase materials, such as Cr 2 O 3 , it is usually small. Much larger effects can be obtained in composites consisting of two functional phases -a magnetostrictive material, in which a strain is produced by application of a magnetic field, coupled to a piezoelectric material, in which a change in electric polarization is produced by an applied stress. Reciprocally, an electric field applied to the piezoelectric phase of such a composite will cause a change in the magnetization of the magnetostrictive phase - The advantages of the magnetoelectric composites over single phase materials and the possible practical applications of the magnetoelectric effect are widely discussed 1 -9 . In the current state of research however major advances in material processing need to occur before miniaturization of the samples can be used for MEMS applications. The tests for the converse magnetoelectric effect were conducted by directly driving the sample piezoelectric phase by a signal generator and measuring the voltage induced in a solenoid which encompassed the sample. The solenoid was long enough to neglect the end effects. The flux was then estimated from the induced voltage.
Results and Discussion: During the calibration of Helmholtz coils, a possibility was considered that by positioning the coils in close proximity to the DC electromagnet poles would influence the results of the ME tests. Indeed, the results, shown in figure   4 demonstrate that the size and proximity of the poles affect the inductance of the coils, especially at low frequencies, the inductance peak however, as expected, was not related to the DC magnetic field strength applied by the electromagnet. A peak of the same bandwidth was discovered during initial magnetoelectric testing, figure 5 , its existence and size depending on the DC poles separation, misleadingly suggesting a peak of magnetoelectric activity at low frequencies. This may be a source for possible error in publications claiming that a magnetoelectric output peak occurs in the 50 -400 Hz region. A distance between the poles of 6 cm reduced the artefact to a negligible amount and was adhered to for all subsequent experiments.
The shift in capacitance shown in figure 2 can be explained by accounting the The results from the converse magnetoelectric tests, figure7 also confirm that the highest magnetoelectric activity occurs at the sample's resonance frequency and its size is dependant of the strength of the applied DC magnetic field.
Devices results
One of the drivers for these studies was providing power remote to small electronic devices. It was thought that conventional inductive powering of RFID tags and MEMS could be achieved by a magneto-electric elements. The target power for a UHF transponding tag was estimated to be 50μW. To this end a tri-layar sample consisting of PZ, TD,PZ, similar to that described above, was placed in throat of a 5 cm diameter Helmhotz coil pair. The DC magnetic field bias was provide by an electro-magnet allowing field of up 1000Oe to be applied. Figure10 -ME sample output vs frequency for 2 applied ac fields at 500 Oe bias field. This sample had a resonant frequency of 41.5kHz and consisted of a trilayer arranged :PZ TD PZ
